Retroviral-like elements (RL elements) include retroviruses and long terminal repeat (LTR)-containing retrotransposons. We report the presence of sea urchin RL elements (termed SURL) in eight species of sea urchins and find that these RL elements belong to several subfamilies. The complete DNA sequence of one SURL element in Tripneustes grailla is 5266 base pairs long, including 254-nucleotide-long identical long terminal repeats (LTRs) (RT), and DNA copies of transcripts are inserted into the host genome. Together, LTR-containing retrotransposons and retroviruses are conveniently termed "retroviral-like elements" (RL elements) (2).
Mobile genetic elements have strongly affected the evolution of the eukaryotic genome, and retrotransposons have been of central importance among them. Retrotransposons that contain long terminal repeats (LTRs) have a striking resemblance to the proviral form of vertebrate retroviruses and include coding regions for most of the same genes in the same order (1) . Both encode a reverse transcriptase (RT) , and DNA copies of transcripts are inserted into the host genome. Together, LTR-containing retrotransposons and retroviruses are conveniently termed "retroviral-like elements" (RL elements) (2) .
RL elements are known in a wide variety of organisms, including yeast (3) (4) (5) , dipterans (6) , lepidopterans (7), gymnosperms (8) , angiosperms (9) (10) (11) , and vertebrates, where they are recognized as retroviruses or endogenous retroviruses and sometimes as retrotransposons (12) . RL elements are apparently widely distributed among echinoids. We have observed the RT gene coding region of RL elements in the DNA of all sea urchin species that we have examined, including one cidaroid (Eucidaris tribuloides) and seven euechinoids (Strongylocentrotus purpuratus, Strongylocentrotusfranciscanus, Strongylocentrotus drobachiensis, Tripneustes gratilla, Lytechinus pictus, Lytechinus variegatus, and Arbacia punctulata).
In early work on long, interspersed, repeated DNA of sea urchins, electron micrographic examination of reassociated DNA heteroduplexes revealed elements (called cs2108) that were about 5.2 kilobases (kb) long and had an interesting family and subfamily pattern (13) . The elements are now named sea urchin RL elements (SURL elements). There are -400 copies of the RT gene coding region interspersed in the genome ofS. purpuratus (13, 14) . Cloned elements are named as in the example SURL1-21 (Sp), where the number 1 defines the SURL subfamily, 21 is an arbitrary label for the individual clone, and the letters in parentheses are the acronym of the species from which it was derived.
Earlier data (13, 14) and our recent work (unpublished data) indicate that the SURL element family consists of subfamilies. Each subfamily contains from a few to 50 members (13) . The subfamilies have been distinguished by the DNA sequence divergence of a conserved segment of the RT gene coding region. Members of each subfamily have closely similar sequences (1-10% divergent), whereas this DNA sequence region of each subfamily is greatly divergent from that of other subfamilies (30-45%). Interestingly, examples of intermediate divergence (10-30%) are rare or nonexistent. The implication is that copies of the RL elements that have been inserted into the genome drift in sequence, and the observation of stop codons in required coding regions suggests that many pseudogenes or "pseudocopies" are present. A similar pattern (termed superfamily and families) has been observed for the Ta elements of Arabidopsis (10) that are similar to copia of Drosophila (15) . However, these elements are less similar to retroviruses than are the SURL elements. The means by which sea urchin RL elements were first identified and cloned will be described elsewhere, as will be the data supporting the subfamily structure, while this article focuses on their major characteristics as implied by DNA sequences.
MATERIALS AND METHODS
Sea urchin DNAs were extracted from sperm or eggs, digested with EcoRI, and cloned into Lambda ZAP II (Stratagene). Libraries were screened by standard procedures (16) with nick-translated HindIll fragments (1.3 and 2.0 kb) from clone SURL1-21 (Sp) that span much of the gag and pol genes. Positive clones were subcloned into pBluescript SK(-) by using the in vivo excision procedure (Stratagene). DNA was sequenced by the dideoxynucleotide chaintermination method using Sequenase (17) . Subclones for sequencing were obtained by using the exonuclease III/mung bean nuclease procedure (16) and subcloning Sau3A restriction fragments into the BamHI site of pBluescript SK(-). Extension of synthetic primers made from known sequences was used to fill in missing sequences and to obtain sequences for the RT gene coding region from clones for different species. Ninety-five percent of the sequences were obtained in both directions; those that were not were sequenced multiple times in the same direction. Alignments were made using the FASTA and PAPA programs (18, 19) . Comparisons of synonymous versus replacement substitutions were made by using a program supplied by W.-H. Li (20) .
RESULTS
Sequence and LTRs. The example that has been fully sequencedt [SURL1-3 (Tg)] from T. gratilla is 5266 base pairs (bp) long, has a 5-bp target site duplication (CCACC) of host DNA, and has identical 254-bp LTRs. The LTRs (Fig.  1) tThe sequence reported in this paper has been deposited in the GenBank data base (accession no. M75723).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. promoter region, a polyadenylylation signal, and a polyadenylylation site. Immediately interior to the 5' LTR is a putative tR14A primer binding site for (-)-strand synthesis that begins with the, sequence TGG. Sea urchin nuclear tRNAs have not been characterized; however, starting with the TGG sequence, SURL1-3 (Tg) shares 11 of 12 bases with the methionine tRNA primer binding site of both RL elements Tal-3 ofArabidopsis (10) and del of lily (9) . Tyl (3) and Ty3 (4) of yeast are also both inferred to be primed with methionine tRNA. Interior to the 3' LTR, in turn, is a 13-bp polypurine region (AAAGAAAGGCAGG), a characteristic of (+)-strand priming sites in retroviruses (21) . Such polypurine tracts are alsQ present in Ty3 (4) and Tf elements (5) of yeast. Immediately upstream of this is a string of eight pyrimidines, a feature shared with certain retrotransposons (22, 23) and plant pararetroviruses (24, 25) . The internal domain contains a single 3927-bp open reading frame (QRF), and the predicted 1309 amino acid sequence includes both the gag and pol regions. A single ORF including both the gag and pol genes is unusual but is known in the Tf elements (5), in copia and its close relatives (19) , and in micropia (26 4 (4, 9, 15) . A short region of the presumptive protease gene is shown in Fig. 2B . The conserved pattern of Asp-(Ser or Thr)-Gly, which is part of the active site of the enzyme that cleaves the gag-pol polyprotein, is held in common among a wide range of retroviruses and retrotransposons as well as many other proteases (4) . Sequence comparisons show that long regions of the pol gene are conserved, and thus they may be useful indicators of RL element relationships (18, 29) . Fig. 3 shows a representative 100-amino acid region of the RT gene, and this comparison suggests that the SURL elements are more closely related to a branch of retrotransposons that includes gypsy of Drosophila (5, 18, 29) , Ty3 of yeast (4) , and plant pararetroviruses (24, 25) than they are to representative retroviruses. In contrast to this observation, a portion of the integrase gene is more similar in amino acid sequence to certain retroviruses than to retrotransposons (Fig. 4) , with the exception of the Mag retrotransposon from the silkmoth (29) . A question is whether the SURL elements can be classed as LTR-containing retrotransposons or retroviruses. The RT amino acid sequence relationships suggest that they are retrotransposons. Furthermore, in retroviruses the env gene is in a separate ORF just 3' of the integrase gene, while in the SURLi (Tg) clone there is no such separate ORF that appears to be a candidate for an env gene. The nucleocapsid and integrase amino acid sequences suggest retroviral affinities, but these enzymes are not concerned with the infectious extracellular phase of retroviruses. Less conventional infectious processes could occur among retrotransposons; for example, the lepidopteran retrotransposon TED may be capable of expanding its host range via insertion in a baculovirus genome that shuttles it to a new host (7) . "Helper" interactions may exist with other viruses and a new domain such as SURL elements may contain surprises, especially in view of evidence that viruses are abundant in sea water (30) . However, up to this time no retroviruses have been identified among marine viruses.
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History of Active SURL Elements. The presence of stop codons and divergence within the subfamily suggest that most SURLI subfamily members are inactive inserted copies that have been subject to drift. However, comparison of DNA and amino acid sequence divergence among elements in distant sea urchin species indicates that there are also active copies of SURL elements. The comparison ofclones SURL1-3 (Tg) and 
